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Negative refractive 
materials
There is always news in the compound 
world related to left-handed materials or
negative refractive materials (not necessari-
ly the same,  but related); not necessarily
chiral, although some materials chiral may
be induced to produce some left-handed 
features. 
There is a closely related discovery to left-
handed field behaviours and patterns, in
“Negative Refractive Bicrystal with Broken
Symmetry Produces Asymmetric Electro-
magnetic Fields in Guided-Wave Hetero-
structures,” Phys. Rev. Letts, 93 (5, 053902)
29 July 2004.
This discovery is based upon the heterostructure
arrangement of crystals of a material which is
anisotropic, and has them arranged in alternating
layers of one atomic plane direction, then the
reverse direction, then the first direction, then
the reverse, and so on. The simplest period
structure has one pair, or a bi-layer or bi-crystal.
What is so special about this heterostructure
arrangement is that it produces asymmetry in the
electromagnetic or photonic field. This can be
exploited to perhaps produce nonreciprocal
devices, formerly only the province of ferromag-
netic materials.
Why is this valuable?  Because for over 50 years
no one has been able to figure out how to
make isolators, circulators, and other critical
devices for microwave integrated circuits
which rely upon ferrites and contain bulky
magnetic circuits and hard to grow films of
such ferrite material on the III-V substrates, or
must use ferrite pucks inserted into holes in
the substrates or pasted onto them or used in
adjacent hybrid circuits.
Now negative refractive bicrystals may allow pro-
duction of an all ‘electronic’ device which does
not need magnetic circuits, external high mag-
netic static fields, or ferrite materials.
One can use bicrystals of material produced as a
hybrid circuit, or even as a deposited film on a
III-V substrate. Furthermore, one may be able to
provide control of such a device by making it
out of ferroelectric materials which can be con-
trolled with voltages, NOT magnetic fields, which
are always hard and more clumsy to generate in
small scale.
The relevant papers are:“All Electronic Isolator
Action Device Based on Negative Refractive
Heterostructure Bi-Crystal with Field Induced
Asymmetry,” C M Krowne, Cornell Univ.Archive,
arXiv.org/abs/cond-mat/0408369,Aug. 17, 2004.
"Dielectric and Ferroelectric Negative Re-frac-
tive Heterostructure Twin Bi-Crystal with Field
Induced Asymmetry for Guided Micro-waves,"
C M Krowne
Figure 1: Cross-section of the bi-crystal structure. 
Differently oriented crystals sandwich the strip metal 
Biasing circuit shown for the upper half of the structure – lower half is similar.
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C. M. Krowne, Bulletin Am. Phys. Soc. Meet.,
71st Southeastern Section Meet., 49, (7) 31
(Nov. 12, 2004).
The first paper here discusses the ferroelectric
realisation, and the second was its presentation
at an American Physical Society Meeting in
Novemeber 2004.
The next two papers on the Cornell University
archive cover field distributions at nearly
100GHz for left-handed materials guiding the
waves, and anisotropy effects on the field distri-
butions.“Electromagnetic Field Behaviour in
Isotropic Negative Phase Velocity/Negative
Refractive Index Guided Wave Structures
Compatible with Millimeter-Wave Monolithic
Integrated Circuits,” C M Krowne & Maurice
Daniel, Cornell Univ.Archive, arXiv.org/abs/
physics/cond-mat/0407525, July 21, 2004.
“Anisotropy in Double Negative Permittivity and
Permeabilty Materials or Left-Handed Materials -
The Effect on Guided Wave Propagating
Electromagnetic Fields,” C. M. Krowne, Cornell
Univ.Archive, arXiv.org/abs/physics/cond-
mat/0406219, June 10, 2004 (Update Oct 2004).
Finally, I gave an invited paper:“Negative
Refraction, Left-Handed Materials and
Heterostructures in Guided Wave Electronics
Using Metamaterials and Nanostructures,” C M
Krowne, American Physical Society March 2004
Meeting, Invited talk, Session U 3, paper # 1,
Bulletin APS, 50, (Pt. 2) 1138 (March 24, 2005).
In this paper I discussed three discoveries: (1)
the new field distributions due to left-handed
materials (2), bicrystals causing field asymmetry,
and (3) super low loss frequency bands in SRR
left-handed substrates used to guide waves.
The last of the three topics is available
at:”Guided Wave Propagation in Left-Handed
Microstrip Structures Using Dispersive SRR
Metamaterial,” C M Krowne, Cornell Univ.
Archive, arXiv.org/abs/cond-mat/0412339, Dec.
14, 2004 (corrected Mar 11, 2005).
What is so remarkable about the last finding is
that in the microwave community it is common
understanding that split ring resonator struc-
tures (SRRs) along with their accompanying
rods which make the material left-handed,
would generate huge ohmic losses due to the
immense about of small wire like metallic struc-
tures embedded in the host material.
But I find that the loss is nearly zero, in some
bands!  I couldn't believe it when I found this
property of the left-handed material.
Related to all of the above work on left-handed
materials, is "Left-Handed Materials for
Microwave Devices and Circuits," C. M. Krowne,
Encyclopedia of RF and Microwave
Engineering,Wiley, 3, 2303 - 2320, (2005).
which I understand is available in the 6 volume
series by Wiley, plus it is also available online in
colour.
Even more things are going on right now. For
example, I am building, with colleagues a struc-
ture like that discussed in the PRL article (nega-
tive refractive bicrystal) and have test equip-
ment ready to make laboratory measurements.
Figure 2: Cross-section of left handed material guided wave structure.
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Figure 3: Dispersion curves for the left handed material structure.
B
Air
W
Metal
RHM
ha
hs
